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Mevinolin completely inhibited the growth of seedlings and cell cultures of Solanum xanthocarpum Schrader & Wendl. 
(S. surattense Burm.f.) at 100 ).lM and 50 pM concentrations respectively. Exogenously supplied acetate could not 
negate the inhibition but mevalonate, squalene and cholesterol could bring about revesa l of inhibition when supplied 
exogenously. Analysis of the steroidal contents of mevinolin treated tissues showed reduct ion of free sterols to less 
than 50% of the control. Mevinolin at 5.0 ~tM concentration severely inhibited (40% ) 3-hydroxy 3-methy!glutaryl CoA 
reductase (HMGR) in vitro. However, mevinolin at lower concentrations could not bring about significant influence on 
the pigment levels. The present study concludes that mevinolin inhib its growth of plants by inh,biting isoprenoid 
synthesis. mainly the s teroid metabolism by inhibiting the 3-hydroxy 3-methylglutaryl CoA reductase , lhe gateway 
enzyme of isoprenoid pathway. 
Keywords : mevinolin, 3-hydroxy 3-methylglutaryl CoA reductase , inhibition of growth and metabolism, mevalonate 
palhway. 
Introduction 
HMG CoA reductase is the key enzyme in the biosynthesis of 
mevalonate and higher isoprenoids in animals (Brown & Rod-
well 1980; Qureshi & Porter 1981) and plants (Bach el al. 1990; 
Chappel 1995). In higher plants this pathway is of great impor-
tance because it leads to the production of many physiologically 
important compounds such as chlorophyll, carotenoids, terpe-
noids, plant growth regulators such as gibberellic acids , abscicic 
acid and isopenteny l adenine and defence compounds like steroi-
dal alka loids and essential oils (G rey 1987). 
Mevinolin is a potent inhibitor of the isoprenoid pathway in 
animals (A lberts el al. 1980; Kroon e/ al. 1982) and plants (Bach 
& Lichtenthaler 1987; Maurey el al. 1986). The isoprenoid path-
way of animals is well studied, mainly due to the cholesterol 
related ailments but plant isoprenoid pathway has not received 
sufficient attention . Using metabolic inhibitors has immense 
potential in investigating a biochemical pathway (Burden el a/. 
1989). Narita and Gruissem (1989) studied the regulation of 
HMGR and mevalonate during fruit development in tomato 
using mevillolin as a probe. Although mevinolin is a powerful 
probe to investigate the mevalonate pathway in higher plants, 
studies with mevinolin on higher plants remain scant. 
In the present investigation mevinolin was used as a probe to 
study the isopreno id metabolism and it's regulation in a higher 
plant (So/anum xanthocarpum). Mevinolin induced growth inhi-
bition, mechanism of growth inhibition, site of inhibition, and 
degree of inhibition on the synthesis of different isoprenoids in a 
single species using different systems such as seedl ings, cultured 
leaf di scs nnd cell culture were carried out. 
Materials and Methods 
Chemicals 
Mcvillolin was obtained from Merck Sharp and Dhome research lab. 
USA. Plant hormones, isoprenoids and authentic standards of sterols 
and solasodine were purchased from Sigma chemical Corp. USA. 
!4C HMG CoA was obtaim:d from New England Nuclear Corp. 
USA. Other chemicals were of analytical grade purchased from the 
local market of Merck. 
Plant material 
S. xanthocarpum Schrader & WendJ. (Solanum surattense BurmJ.) 
was ident ified correctly according to Mathew (1991 ). The plants 
were grown in pots containing garden so il \vith an adequate supply 
of water. 
Seed germination 
Seeds were germinated on Ii Iter paper discs soaked in double dis-
tilled water or distilled water contain ing 10. 25. 50 and 100 ~lM con-
centrations ofrnevinolin. Mevinolin was added in the form of water 
soluble lactone prepared according to Kita el a ' . (1980). Bri elly: (90 
mg of mevinolin was dissolved III 1.8 1111 or warm aqueous ethano l 
(95% w/v) and lactonised with 0.9 1111 of 0.6 N NaOH in 18 ml of 
water. The pH wa'i a(Uustcd to 8.0 with concentrated Hel and the 
final concentration made up to 4 mgl ·j ) . All cultures Were incubated 
at 25° ± 2°C, 10 hL light period of 1500 lux frolll cool while Iloures-
cent tubes or in the absence of light. Genn ination rate was compared 
by visual observation nfter 7 days or incuhation. 
Leaf disc culture 
Leaf discs 10 rnm in diameter wen.: prepared from surface sterilised 
young leaves (fully expanded 3-6 le[tf from the tip) using a sterile 
cork borer. These discs were cultured for 72 hL on MS medium 
(Murashige & Skoog 1962) supplemented with 2% (\\I/v) sucrose. 
MS plus sucrose plus 1- 10 ~lM concenlr::nions of mevino li n or MS 
plus mevinolin plus different concentrat ions of isoprenoid(s). (aque-
ous acetate. aqueous mevalonate. squalt: ne di ssolved in acetone. 
cholesterol dissolved in ethanol) <1S per thc experimental design. 
Whenever an organic solvent was ll sed to dissolve a compound 
added to the experimental system un equal volume of solvent WilS 
added to the control cultures to nul lify the effect of the solven t used. 
All cultures were incubated at 25° ± lOC and 1500 lux light intensity 
with 10 hr. light period. 
Callus and cell culture 
Callus was initiated by culturing 0.5 em segments from young kave.s 
of S. xanthocarpum excised from surfacc steril ised (0 . 1 % w/v HgC I2 
for 1 min.) on callus medium i.e. ; MS medium supplemented with 
1.0 mgl" 2,4-D, 0.5 mgl" kinetin (Kn). 250 mgl- 1 casein hydro-
lysate, J% w/v sucrose. pH adjustt!d to 5.8 and gelled with 0.8% w/v 
agar. Healthy, creamy. friable callus deve loped by 4th subculture 
with 15 days interval. Cell culture was developed by transferring. 
500 mg of healthy. friable callus to 25 ml of cdl culture medium i.e.; 
callus medium without agar and shaken on a g.yratory shaker at 120 
rpm. A fine pipettable suspension wns deve loped by fitlh subcu lture 
s. Afr. J. Bol. 1998, 64( I ) 
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Figure 1 Elfect of Inl!vinolin on growth of cell cultures of S. 
.w nllIOCClrpum. Data collected aller 15 days of incubation. 
at fo rtnightly intervals by sieving through a 600 ~un mesh. Cultures 
were incubated at 25° ± 2°C. 1500 lux (white fluorescent lamps) and 
10 hr. photoperiod. 
Sieri lisation 
Sterili satiollll f the medium \vas carried out by <lutocJaving at 121 °C 
,ind 1.5 kgcm -:! pressure for 15 minutes. Mcvinolin was added utt er 
tilter steril isat ion (0.22 ~Lln~milliporc filter) . 
Measurement of growth inhibition 
Growth inhibition was measun::d on the basis of a decrease in the 
shoot or root length of seed lings and fresh or dry weight compared to 
the control for leaf discs and cell cultures. 
Measurement of chlorophyll 
Chlorophyll content was measun:d using the procedure or (Holden 
19(5) . Till! tisslle was homogenised in excess of 80% w/v aqueous 
acetone and liltered. A bsorbance of the pigment exlract was meas-
ured at 645 nm and 663 11m against an 80% acetone blank. Quantifi -
cation of pigment was dOlle using Ihe equation : 
tota l ch lorophy ll = 20.2 A b45 + 8.02 A66J 
where . A = absorbance at 645 and 663 nm respective ly . 
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Figure 2 Effect or 1l1evinolin on the steroidal contellts or cell 
cu ltures of S. xanthocarpum. Data collected aller 15 days of incuba-
tion . • - - - • Free sterols. __ • Stcryl esters, A- A Steryl 
g lycosides. 
Estimation of sterols 
Sterol estimation was carried nut as detailed elsewhere 
(Unnikri shnan el al. 1991) . Stl.!ro ls were ex tracted follow ing the pro-
cedure described by BhaH and Bhatt ( 1984). Briefly: 5.0 g of fresh 
tissue was homogen ised in 15 ml of chlorofo rm :mcthanol (1 :2 w/v) 
and filtered through Whatman No. 1 paper under vacuum. The res i-
due was re-extracted with l5 ml of the same solvent and filtered 
again. The extracts were poo led and 15 Illi of chloroform and waler 
weft~ added. mixed gently and the organic layer was separated by 
partition. For determining free sterol contents an aliquot equal to 1.0 
g of tissue was evaporated under vacuum at 35°C and Ihe res idue 
was suspended in 2.0 1111 or acetol1l!:ctlwnol (I : I w/v) mixture . To 
this 1.0 ml of 0.5% w/v d igiton in in 50"/0 aqueous ethanol was added 
and left overn ight al room tc.:mperalure to predpitate the digi lanide. 
The precipitate was removed by centrifugation and the free sterols 
were determined spcctrophotometrically lIs ing ferri c chloride-sul-
phuric acid reagent. Sterols from ~;teryl esters and steryl glycos ides 
were measured in a similar manner following alkaline and acid 
hydrolysis, respectively. as suggested by Bush cl aJ. (1971). 
Table 1 Effect of mevinolin on dark grown seedlings of S. xanthocarpum. Data collected after 10 days of germination. 
Values with different letters indicate significant difference at the 5% level 
Fr. WI. mg/seedling ± Dr. WI. mg/25 seed- Free sterols ~lglg Fr. wI. 
Treatnlcnt Shoot length nun ± S.E. Root length mm ± S. E. S.E. lings ± S.E. ± S.E. 
0.0 mcvinolin 53. IO±3 .72a 39.64 ± 2.84a 15.69 ± 0.45, 3.56 ± 0. 14(1 133.22 ± 7.32a 
+ IOl1l1l mcvinolin 36.22 ± 2.88b 12.38 ± 1.68b 11.87 ± 0.64b 2.61 ± O. ll b 68.32 ± 2.93b 
+25 pill mC\' inolin 35.46 ± 2.86b 10.90 ± 1.28b 10.41 ± 0.48b 2.43 ± 0.88b 66.00 ± 2.78b 
+50 )lllllllevinolin 24.23 ± 2.18e 4.90 ± O.64e 8.29 ± 0.26e 2.00 ± 0.57b 65.66 ± 3.1 8b 
+ I on ~tl ll mevinolin 20.93 ± 1.1 Ie 3.76 ± 0.38e 7.47 ± <f.24e 1.68 ± 0.06e 54.42 ± 2.26e 
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Figure J Reversa l nr 10 !-tin lTIt!vinolill induced inhihition on cul-
tured leaf dis<.:s or s . . wrnthocarplllll by I;!xogenol1sly supplied ace-
laIc . D. ~ 6 Fresh we ig.ht. _____ Dry we ight. • _____ free sterols. 
() ----: ) Stt!fy l esters, A.- A Steryl glycosides. 
Assay of HMG GoA reductase 
The I.!l1zyme assay \vas carried out according to the micro assay of 
Chappel and Nabel (J9R7). Two grams of3 day old cell culture were 
homogcnised in 2- 5 vol. of 100 ruM potassium phosphate buffer 
(pH 7) . 0.25 M sLicrose . 50 111M KCI . 30 111M EDTA and to mM 
J3- mcn:aptoethanol. Fifteen to 20 mg of insoluble PVP was added 
during hOlllogen isation . The homogenate was filte red through glass 
wool and centr ifuged at 4000xg. for 10 minutes nl DoC. The super-
natent was lls~d as thc enzyme extract. The assay system of 25 ~1 
consisted of 7 ~1I of enzyme extract. 3nmoi of 14C i-IMG CoA (5 1 
~Cilrl1mo l -' ).10 mM OlT. 4 nmol NADPH. in 100 !TIM K-phos-
pilate huffcr to make lip 25 ~L1. 
Thc reaction was started with the addition of 3 nmol of HMG 
CoA. The assay mix was incubated at 30°C and the reaction was ter-
minated by the addition of 5 ~I of6 N Hel and 5 ~ I of co lo meval-
onate (100 mgml· l ). Mevalonate fo rmed was separated by TLC. The 
bands correspond ing to the authentic sample were collected and 
radioactivity was measured in a LKB scint illation counter. 
Protein determination was done according to Bradford ( 1976). 
Statistical analysis 
The results presented arc averages of at least three repeti tions 
involving a minimum of three replicates. Data were i:malyscd statisti-
ca ll y accord ing to Calcutt (1983). 
Results 
Effect of mevinolin on seeds and seedlings 
Mevinolin failed to inhibit germination of the seeds up to a con-
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Figure 4 Reversal ofmevillolin induced inhibition of growth and 
sleroid m~tabo !ism in seedlings of .)". xanlhocmpllm by exogenous 
supply of mevalonatc. 
centration of 100 ~tM. T he elongation growth of seedlings was 
severely inhibited by 50 and 1 00 ~I M mevinolin . The re was 
greater inhibition of g rowth of the light grown seedlings com-
pared to the dark grown seedlings. Steroidal contents of seed-
lings were significantly reduced by applied mevinolin (Tables 1 
and 2). 
Effect of mevinolin on cultured leaf discs 
Ten I--lM mevinolin could reduce the free sterol content of the leaf 
discs to 42% of the cont rol while red ucing the g rowth (d ry 
weight) to 62% of the control. Mevinol in at thi s concentration 
could bring about a significant reduction in the chlorophyll 
content (Table 3). 
Table 2 Effect of mevinolin on light grown seedlings of S. xanthocarpum. Data collected after 10 days of germination. 
Values with different letters indicate significant difference at 5% level 
Fr. WI. mglseedl ing ± Dr. Wt. mg/2S seedlings Free stero ls ~glg Fr. Wt. 
Treatment Shoollcnglh mm ± S.E. Root length mm ± S.E. S.E. ± S.E. ± S.L 
0.0 mevinolin 19,65 ± 3.07. 37.00 ± 2.42a 11 .22 ± 0.35a 2.43 ± 0.08a 128.66 ± 4.(16a 
10 ~m l1lt!vinolin 13.S3±3. J3b 12.70± 1.56h 8.46 ± 0.25b 1.65 ± 0. 14b 88.64 ± 3.23b 
25 ~m mevinoiin 11.10 ± 2. IOc 8.01 ± 0.52b 7.63 ± 0.22b 1.40 ± O.0 15b 84.48 ± 4.62b 
50 ~m mevinolin 8.82 ± O.68d 3.80 ± 0.50c 6.47 ± 0.26c 1.26 ± 0.0 14b 64.58 ± 3.68c 
100 pm mcvino lin 6.72 ± 0.04d 3.05 ± 0.02e 4.48 ± 0.25e 1. 16 ± 0.012c 56.46 ± 2 .36e 
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Table 3 Effect of mevinolin on cultured 10 mm leaf discs of S. xanthocarpum.. Data collected after 72 
hours of incubation. Values with different letters indicate significant difference at 5% level 
TreatJllCll1 Dr. Wt. mglleaf discs ± S.E. Chlorophyll mg/gln Fr. WI. ± S.E. Free sterols mglg Fr. Wt.±S.E. 
n.o mevinolin 6.02 ± 0.37 a 
.OJ ~1J11 mevinolin 6.62 ± 0.80 a 
0.1 0 ~lIn lllcvinolin 6.32 ± 0.48 a 
1.00 ~llll mevinoiill 4.21 ± 0. 19 b 
10.0 ~un mevinolin 3.75 ± 0.51 c 
Effect of mevinolin on cul tured cells 
Mevinoljn inhibited growth of the cultured cells in a dose 
dependent manner. Twenty five IJ.M mevinolin was found to be 
Ld 50 for the cell cultures. More than a 50% reduction in the free 
sterol content and nearly 50% reduction in steroidal ester and 
gJycosides of the cell culture was recorded by 25 JlM mevinol in 
(Figures I and 2). Five ~lM mevinolin reduced the specific activ-
ity of HMGR in 3 day old cell cu ltures from 9.14 units to 5.48 
units. (Specific activity = nmol MVA formed mg protein-] hr.-I ). 
Reversal of the mevinolin induced inhibition 
Different precursors of the isoprenoid pathway viz_; acetate and 
mevalonate. squalene and cholesterol; were exogenously sup~ 
plied to the culture systems in conjunction with mevinolin to 
study their ability to reverse the inhibition. Exogenously sup-
plied acetate did not cause s ignificant reversal of inhibition. 
Addition of 100 to 2000 IlM acetate to the ce ll cu lture could not 
bring about any significant reversal of the mevinolin induced 
inhibition of growth and isoprenoid metabolism. Similar results 
were obtained with the addition of acetate to 10 )lM mevinolin 
treated leaf discs (Figure 3). Mevalonate. squalene and 
cho lesterol produced significant negation of mevinolin induced 
inhibition of growth and steroid metabolism in the case of seed-
lings, cu ltured leaf discs and cultured cells (Figures 4, 5, 6, 7, 8, 
9 and 10). 
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Figure 5 Negation of mevinolin induced inhibition of growth and 
steroid metabol ism in cultured leaf discs of S. xanthocarpllm by 
exogenously supplied mevaJonate. ~- - -~ Fresh weight. 0 - - - 0 
Dry weight ____ Free sterols, 0-0 Steryl esters, A-A Steryl 
glycosides. 
0.80 ± 0.06 a 149.1 [ ± 14 .39 a 
0.75 ± 0.07 a 119.79 ± 12.99b 
0.7 1 ± 0.08 a 97.(,(1 ± tJ .}4 b 
0.68 ± 0.04 a X3.46 ± (I.S7 h 
0.66 ± 0.01 b 62.IS±5 .16c 
Discussion 
From the results presented it is clear that mevinolin inhibits the 
growth of seedlings, cultured leaf discs and cells, but failed to 
affect the germination of seeds. A reduction in the levels of ster-
ols and inhibition of HMG CoA reductase by low concentration 
of mevinolin with little inhibition of chlorophy ll at low concen-
tration is evident. Failure of exogenously supplied acetate to 
reverse the inhibition of growth is indicated, unlike the negation 
of growth achieved by mevalonate, squalene and cholesterol. 
The inability of mevinolin to inhibit seed germination may be 
because of the presence of an endogenous pool of mevalonate 
present in the seeds. Though measurements to this effect were 
not taken the observations of Narita and Gruissem (1989) on the 
development of tomato fruits points to such a possibility. Obser-
vations bY'Bach and Lichtenthaler (1983) that minimal growth of 
radish roots could not be prevented by applied mevinolin also 
supports this. 
Growth of radish seedlings is reported to be inhibited severely 
by 5 to 10 ~lm of mevinolin (Bach & Lichtenthaler 1983). 
Growth inhibition of cell cultures of Sy/ibl/m mariam/In and 
Ochl'omonas molhamensis, a green alga and tomato fruits, by 
mevinolin are on record (Doll el (//. 1984; Maurey el 01. 1986, 
Narita & Gruissem 1989). In the case of Sylibllm and Ochl'om-
onas the growth inhibition was associated with a severe reduc-
tion in the sterol contents. 
Sterols are important to plants as hormones or hormone 
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Figure 6 Negation ofmC!vinolin induced inhibition of growth and 
steroid metabolism of cell cultures of S. ::wnthocarpum by exoge-
nously supplied mevalonate. 0-0 Dry weight. ____ Free sterols. 
A-A Steryl esters. () - - -l) Steryl glycosides. 
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Figure 7 Reversal of mevinol in induced inhibition of growth and 
steroid synthesis in cu ltured leaf discs of S. xanthocarpum by exog-
~nOlJS application of squnJene. 0--0 Dry weight, 6.- f:J. Free ster-
ols, () - - - () Steryl esters, .-. Steryl glycos ides. 
precursors (Geuns 1978) and as an integral part of membranes to 
cont rol permeability (Grunwald 1978). These mUltiple ro les 
played by sterols make them highly essential bio-molecu les. The 
severe inhibition of sterol biosynthesis observed may be the 
result of inhibition of HMGR by mevinolin. Other inhibitors of 
sterol biosynthesis have also shown growth inhibition similar to 
the mevinolin induced inhibition (Bach & Lichtenthaler 1987; 
Burden et al. 1989) . Therefore the growth inhibition observed in 
the present study can be convincingly correlated wi th the inhibi-
tion of sterol synthesis observed. 
Exogenous supply of mevalonate has been shown to negate 
the growth inhibition by mevinolin in the case of radish and 
tomato (Bach & Lichtenthaler 1983, Narita & Gruissem 1989). 
Due to the severe inhibition of sterol biosynthesis observed, 
squalene, the immediate precursor of stero ls in plants (Benven-
iste 1986), and cholesterol which is a major sterol in Solanum 
dlflcamara. a closely related species of S. xanthocarpum (Bhatt 
& Bhatt 1980), were tested to see if they can negate the mevino-
lin induced inhibition. The results indicated that squalene as well 
as cholesterol are ab le to negate the inhibition by mevinolin. 
In the present study an insignificant increase in the biomass 
was demonstrated by added acetate. This could be due to the syn-
thesis of other lipids using the added acetate. Mevalonate, 
sq ualene and cholesterol showed a negative growth influence at 
higher concentrations. Acidi fication caused by mevalonate at 
high concentrations is suggested to be a reason for the negation 
of growth in the radish system (Bach & Lichtenthaler 1983). 
Cho lesterol is demonstrated to cause feed back regulation of 
sterol biosynthesis in So/anum (Bhatt & Bhatt 1984). Such a 
feedback regulation by cholesterol can be the reason for the 
reduction of growth by higher quantities of added cholesterol but 
such a poss ibi lity by squalene remains to be verified. 
MevinoJin is shown to inhibit prenyllipid synthesis in cultured 
primary leaves of wheat, but at a 500 )..lM concentration. In the 
present study a reduction in the chlorophyll content was 
observed with 10 )..lM mevinolin treated leaf discs. Very low or 
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Figure 8 Reversa l ofmt:v ino li n induct:d inhibi tion ofgrowlh and 
steroid synthesis in cdl cu ltures of S xanthocarpllnl by exoge-
nously supplied squalene. 0--0 Fresh weigh t, .- - - • Dry weight. 
o - - - 0 Free sterols, • __ Steryl esters, .A.-.A. Steryl glyco-
sides. 
little permeability of mevinolin through the plastid membrane is 
suggested to be the reason for the inabil ity of mevinolin to inhibit 
chlorophyll synthesis (Bach & Lichtenthaler 1987). Solanum is a 
herbaceous dicotyledenous plant unlike wheat. which is a mono-
coty ledon with s ilication of the leaves. A probable reason for the 
observed variation in the inhibit ion of pigments can be due to the 
difference in the leafpeculiarities. 
Mevinolin is shown to inh ibit HMGR at very low concentra-
tions in mammals (Sabine 1983) and plants (Bach & Lich-
tenthaler 1984; Maurey el III. 1986; Narita & Gruissem 1989). 
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Figure 9 Negation ofmevinolin induced inhibition of growth and 
steroid synthesis in cultured leaf discs of S. xanthocarpum by cho-
lesterol. 0--0 Dry weight, .___ Free sterols. .A.- .A. Ster),1 
esters, 0 - - - 0 Steryl glycosides. 
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Figure 10 NegatIOn ofmevinolin induced growth and steroid bio 
synthetic inhibit ion of cultured ce lls of S xanlhocarpttm by cholcs~ 
lerol. _____ Fresh weight. 0 ... 0 Dry weigh t, .&.- .&. Free ster-
ols . • --e Stery! esters, {) - - - () Steryl glycosides. 
HMGR is the key enzyme in the mevalonate pathway (Bach ef 
al 1990; Chappel 1995). A direct comparison of the extent of 
inhibition of HMGR in the present study with observations by 
Bach. Maurey , Chappel or Nari ta may not be appropriate due to 
the difference in the enzyme preparation. the source of enzyme 
(previous workers used microsomal enzyme) and the quantity of 
mev inoJin app lied. though the general trends remain similar. 
The inability of acetate to negate the growth inhibition by 
mevinojin and the ability of precursors of the mevalonate path-
way beyond the HMGR step to negate the inhibition by mevino-
lin are in accordance with the observations in radish systems 
(Bach & Lichtenlhaler 1983) and tomato fruits (Narita & Grui-
ssem 1989). This observation points to the fact that the site of 
inh ib ition by mevinol in is the HMGR step. 
Conclusion 
The present study concludes that mevinolin inhibits the growth 
of plants by inhi b iting the isoprenoid pathway. mainly by inhibit-
ing the sterol biosynthesis. Sterol biosynthesis in plants is inhib-
ited by mevinolin by way of inhibiting HMGR. Precursors of the 
mevalonate pathway beyond the HMGR step are capable of 
negating the inhibition by mevinol in. Not only the sterols but 
other physiologically important isoprenoids contribute to the 
normal growth of plants. 
Acknowledgements. 
The kind g ift ofmevinol in by Dr. A. W. Alberts, Merck Sharp and 
Dhome Lab. USA, financial assis tance from CSIR. and facili ties 
provided by UNlTRA are gratefully acknowledged. 
References 
ALBERTS. A.W., CHEN. J .. KURON, G .. HUNT. Y .. HUFF, J., 
HOFFMAN, C .. ROTHROCK. J .• LOPER, M., JOSHUA. H .. HAR-
RIS. E .. rATCHET. A., MONAGAN, R .. CURRIE. S .. STAPLEY. 
E., HENSENS, 0 .. L1ESH. J .. & SPRINGER, 1. 1980. Mevinolin: A 
potenl inhibilor of 3-hydroxy 3-methylglutary l Coenzyme A reducl-
ase and cholesterol lowering agent. Proc. Nat!. Acad. Sci. USA, 77: 
3957- 396 1. 
BACH, T.1 . & LlCHTENTHALER. H.K. 1983, Inhibit ion by mevinolin 
of plant growth, sterol formation and pigment accumulation. PllI'slOl 
Plant. 59: 50-60. . 
BACH. T.L& L1CHTENTHALER, H.K. 19~4 . Application of modified 
Llineweaver Burk plots to studies or kinelics and regulation of mdish 
3-hydroxy 3-methylglularyl -CoA reducl<lse. Biochim. Biophy.\· ACla. 
794: 152-16 1. 
BACH, 1'.1. & LlCHTENTHA LER.lI.K. 1() X7 . Plant growth regulation 
by mevinolin and othcr sterol hiosynthesis inhib itors. 111: Ecolog) and 
metabolism ofplanl lipids.eds G. f7 ullcr & W.O. Nl!s. W.O. ACS SVIIl-
posium series. 235: 109- 139. -
BACH, '1'.1 .• WEBER, T. & MOTEL A. 1990. Some prorer1ies of 
enzymes involved inlhe biosynthesis and metabn\ism oD-hydroxy 3-
methylglu taryl Coenzyme A in plants. In: Biochemistry of the Meval -
onic acid pathway to terpenoids. recent advances in phytochemistry, 
cds G.H.N. Towers & I-I.A. Statlord. vol. 24, N.Y .. Plenum Press. pp 
1-82. 
BENVENISTE, P. 198(). Sterol biosynthesis. ,.11111. Rev. PiOlu fhy.riu{ 
37: 275-308. 
BHATI, P.N. & BHATT. D.P. 1984. Regu lation ofslerol biosyn thes is 
in Solanum species. J Exp BOl. 35( 155 ) : 890- 896. 
BROWN, W.E. & RODWELL, V.W. 19XO. Hydroxy methylglu taryl 
CoA reductase In: DehydrogellaSeS requ iring Nicotincunidc coen-
zymes, ed. J . Jeffel)'. p. 23 2. \3irkh<luser verlng. Berl in . 
BRADFORD, M.M. 11)76. 1\ rapid and sellsi tive method oj' qll<lrltitica-
tion of microgram quan tities of protein utilising the principle of pro-
tein dye binding. Alia/. Biuchelll .. 72: 248-252. 
BURDEN. R.S., COOKE D.T. & CARTE. G.A. 1989. Inhihitors of 
sterol biosynthesis and growth in plants <lnd fungi. Phytochem. 28(7): 
1791 - 1804. 
BUSH. P.B:, GRUNWALD. C. & DA VIS. D.L. 1971. Changes III sterol 
composition during greening of etiolated barley shoals. Plant Physio/' 
47: 745-749. 
CAULCUTT. R, 1983. Statistics in rest':lrch and development. Chapman 
and Hall. London and New York. pp . 57- 71. 
CHAPPEL. J. & NABEL R. 19~7 . Induction ul'sesquitl!rpenoid biosyn-
thesis in tobacco cell sllspcnsion cultures by fungal el ic itor. PICInt 
Physiol. 85: 469--473. 
CHAPPEL, J. 1995. Biochl!lllistry and molecular biology of isoprenoid 
biosynthelic pathway in plants . Anll. Rev. Plant Physiol. Plonl 11/01. 
Bial. 46: 52 1-547. 
DOLL, M .. SCHI NDLER. S., LlCHTENTHALER. H.K. & BAC H. T..I. 
1984. Differential inhibition by mevinol in ofprcnyl lipid accull1llla-
lion ill cell suspension cultures Ur.~V!ihlll11 marial/um L. In: Structure. 
fUllcti ons and metabolism of pkmt lip ids. eds. P.A. Seigenlh,ller & 
Eichenberger, p. 227. Elsev ier, Ams(crd~lll. 
GEUNS. J .M .C. 1978. Steroid honnoncs i1nd plant growth and deVelop-
ment. Phytochemisll:v. 17: 1- 14. 
GRAY, lC. 1987. Control of isoprclloid biosynthes is in pl<lnts . In: 
Advances in Botan ic<l l research, ed . J A. Callow. Vol. 14. pp. 25- 9 \. 
Academic press, London. 
GRUNWALD,C. 1978. FlllH::tion of sterols. Phil. Trans. Soc. Loud B. 
284 : 54 1-558. 
HOLDEN, R. 1965. Chlorophyl l. In . Chemistry and biochemistry of 
plant pigments, ed. T.W. Goodwin. pp. 46 1-488, Academic Press. 
New York.wndon. 
KlTA. T .. BROWN, M.S. & GOLDSTEIN. J.L. 1980. Feedback regula-
tion or HMGR in livers of mice treated with ll1evinolin. a compl.'titive 
inhibitor of the reduclase. J. C/in Invest. 66' 1094- 1100. 
KROON, P.A., HAND. K.M., HUFF. l .W. & ALBERTS. A.W. 1982. 
The effects of mevinolin on serum cho\csterol levels of rabbits with 
endogenous hypercholesterolemia. Afherosc/eros;s. 44: 41-4X. 
MATH EW, K.M. 1991. An excursion lIora tl fcent r<l l Tami lnadu.lndi a. 
Oxford & IBH Pub, Co. Pvt. Ltd. New Delh i. pp. 34 1. 
MAUREY. K .. WOLF. F. & GOLBECK. l . 1986. HMG eoA redllctase 
activilY in Ochromonas maihamensis. Plant Physioi. 82: 523- 27. 
MURASHIGE. T. & SKOOG, F. 1962. A rev ised medium tor rapid 
growth and bioassay with lobacc() tissue cultures. Physiol. plant. IS: 
473-497. 
NARITA. J.O. & GRUISSEM, W. 1989. Tomato hydroxymelhyl-
24 
glutaryl-CoA reductase is required early in fru it development but 
no t during ripening. The Plant cell. VoL 1. 18 1- 190. 
QURESHi. N. & PORTER. l.W. 1981. Conversion ofacetyl-coen-
zyme A to isopentenyl pyrophosphate. In: Biosynthesis of Isopre-
noid Compounds. eds. J.W. Porter & S.L. Spurgeon. Vol. 1. pr . 
47-94, Wiley. New York. 
S. Mr. J. Bot. 1998. 64( I) 
SABINE. J.R. 1983. Monographs Oll enzyme bio logy: HMG CoA 
reductase. eRe Press. Boca Raton. 
UNNIKRISHNAN. S.K .. PRAKAS H. L .. lOSEKUTTY. r .c.. 
BHATT. P.N. & MEHTA. A.R. 199 1. Effect ofNaCl so. linity on 
somatic embryo deve lopment in S£lpindus IrijoliofliS L. 1. £ 'Cp. 
BDl. 42 ; (236) 401-406. 
